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(54) Bistable luminal graft endoprostheses 

(57) A luminal graft endoprosthesis or endovascular 
graft is described which is capable of dilation and support 
functions and is suitable for the endoluminal repair of 
vascular lesions and the like. An expandable support or 
stent is combined with a tubular graft made of a material 
having two unstressed conditions to provide a combined 
stent-graft wherein the graft material is secured to either 
or both of the internal and external surfaces of the stent. 



The stent-graft may be positioned within a blood vessel 
of a living patient by an expandable balloon catheter. The 
graft member is made from a biocompatible material 
which, when expanded, exceeds its yield point and 
becomes dimensionally stable without retaining signifi- 
cant residual forces which may cause the stent to col- 
lapse after its placement within a blood vessel. 
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Description 

Background O f The Invention 

The present invention relates to luminal graft endo- 
prostheses or endovascular grafts capable of dilation 
and support functions and suitable for the endoluminal 
repair of vascular lesions and the like. An expandable 
endovascular support or stent is combined with a graft 
made of a so-called bistable material to provide a com- 
bined stent-graft wherein the graft material is secured to 
either or both of the internal and external surfaces of the 
stent. The graft may be woven, non-woven, knitted or 
sheet material which is stretched beyond its yield point 
when the stent-graft is radially expanded. 

Luminal endoprostheses having expandable coat- 
ings on the surface of external walls of radially expand- 
able tubular supports or stents have been proposed and 
are known in the art. For example, United States Letters 
Patents Nos. 4,739,762 and 4,776,337 describe luminal 
endoprostheses with expandable coatings made from 
thin elastic polyurethane, teflon film, or a film of another 
inert biocompatible material. The film may have radially 
projecting ribs for fixation, and macroscopic openings to 
allow blood to flow between the covering and the lumen 
of the vessel in which the endoprosthesis is anchored. 
Other literature describes a coating from an eiastomeric 
polyurethane film applied around a metallic support with 
form memory properties. See, A. Balko etal., Transfem- 
oral Placement of Intraluminal Polyurethane Prostheses 
for Abdominal Aortic Aneurysm", Journal of Surgical 
Research, 40, 305-309, 1986. In United States Letters 
Patent Nos. 5,019,090 and 5,092,877, the possibility of 
covering the support of a radially expandable endopros- 
thesis is generally mentioned but not described. These 
approaches have often been unsatisfactory because the 
film materials used in these devices have not been suf- 
ficiently biocompatible. 

Other supports or stents are known in which the sup- 
port or stent is expanded by applying an exterior force 
from an inflating balloon, for example. United States Let- 
ters Patent Nos. 4,733,665; 4,739,762; 4,776,337; 
4,800,882 and 5,019,090, for example, all describe such 
supports or stents. These patents are incorporated by 
reference hereinto. Other approaches include semi-rigid 
prostheses introduced endoluminally. These prosthesis 
typically are tubes which are connected to vessels to be 
reinforced by end supports. 

The use of stents is known to lead to the unorgan- 
ized development of cells within the mesh of the support 
or stent, resulting in the rapid reformation of the cellular 
thickening in the vessels to be protected, i.e. fibrous 
hyperplasia. Problems have also been noted in the use 
of tubular grafts, without a supporting stent, as endopros- 
theses because such unsupported grafts often lack a 
necessary degree of rigidity. Tubular supports also fre- 
quently fail to provide porous surfaces which promote 
cellular growth on the wall of the support. Following 
implantation, these devices continue to represent a for- 



eign body within the human or animal patient. Because 
of the films used, normal and desirable cellular invasion 
into the prosthesis is not possible, especially along the 
inside of their structure. 

5 Tube-formed prostheses made from fibrous materi- 
als and having a structure of superimposed layers of fib- 
ers are known where the fibers of one layer intersect 
those of neighboring layers. These prostheses are used 
to replace fragments of defective vessels and are typi- 

10 cally made of approximately 400 layers of interlaced fib- 
ers. In view of their proposed use to replace vessel 
fragments, these prostheses are not typically con- 
structed to allow for their radial expansion. For example, 
Dacron or Teflon grafts have been proposed for stent- 

15 graft construction, but they must be folded axially 
because they are not stretchable. Such folded grafts 
have relatively large minimum diameters which present 
a rather bulky stent-graft when unexpanded that is not 
suitable for passage through many body passageways. 

20 Additionally, luminal graft endoprostheses incorpo- 
rating an expandable graft member and a structural sup- 
port or stent member have been proposed wherein the 
stent-graft or endoprosthesis is introduced into the body 
in a collapsed configuration having a first diameter and 

25 is then expanded to an opened position having a second 
or expanded diameter. The graft member is typically 
made of an eiastomeric material which, when stretched, 
retains stored energy which exerts forces against the 
stent or support member and which may, in turn, collapse 

so the stent following implantation. To compensate for the 
force exerted by the expanded eiastomeric graft, the 
stent or support member usually must have large hoop 
stresses. Supplying stents with such large hoop stresses 
typically implies a thick-walled stent, the use of which is 

35 impractical for vascular applications, especially in small 
diameter arteries where large lumens and thin walled 
prostheses are required. Also, stretching of the graft 
materials could contribute to degradation of the graft 
upon implantation for long periods of time under 

40 stretched or stressed conditions. 

The art has generally failed to provide a luminal graft 
endoprosthesis which overcomes the aforementioned 
shortcomings of the prior art. It is, therefore, desirable to 
provide a luminal graft endoprosthesis which is suffi- 

45 ciently biocompatible and which possesses the com- 
bined advantages of stents and grafts while avoiding the 
aforementioned shortcomings, ft is especially desirable 
to provide such a stent-graft having an expandable graft 
member capable of two stable configurations; a first or 

so collapsed configuration having a first cross-sectional 
diameter and a second or expanded configuration having 
a larger cross-sectional diameter wherein the graft mem- 
ber is made of a biocompatible material which, when 
expanded, is stretched beyond its yield point and is thus 

55 dimensionally stable and does not retain significant 
residual stresses which may cause the stent to collapse. 
Graft members having these characteristics are referred 
to herein as 'bistable" grafts. 
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Brief Description Of The invention 

The present invention overcomes the shortcomings 
of the art by providing novel luminal graft endoprosthe- 
ses for the endoluminal repair of vascular lesions and the 
like. The luminal graft endoprostheses or sterrt-grafts of 
the invention include a graft component capable of 
assuming two stable configurations and a stent compo- 
nent which provides structural support. The graft com- 
ponent is placed over the external and/or internal surface 
of the stent component and the stent-graft can be 
inserted within a vein or artery or other body pathway by 
placing it on a balloon catheter or similar device. The 
stent -graft is originally in an unexpanded state having a 
first cross-sectional diameter ("d") and is capable of 
being expanded to a second stable configuration with a 
second expanded cross-sectional diameter ("D"). 

The graft member is made of a material having yield 
point properties as discussed herein and can be woven, 
non-woven or knitted. The graft member is combined 
with the stent member, the stent-graft can be placed on 
a balloon catheter for insertion into a body pathway such 
as a blood vessel, for example. The stent-graft is 
expanded by the radial pressure exerted by the inflated 
balloon to an opened or expanded condition wherein the 
graft member is stretched beyond its yield point to reach 
adimensionally stable state. The radial pressure exerted 
by the balloon to expand the graft member elongates the 
fibers of the graft to their yield point and. the graft will 
remain dimensionally stable beyond that yield point. For 
some materials, this can be considered to achieve ori- 
entation. The preferred material for the graft member, 
once expanded, retains no significant residual stresses 
in the yielded material which would tend to collapse the 
extended stent. Alternatively, the graft member may be 
made of a tubular film, preferably a porous film, of mate- 
rial having bistable properties which can be placed over 
the stent to form the stent-graft of the invention. Where 
film materials are used, it may be possible to first stretch 
the film in the axial direction so that when the stent-graft 
is radially expanded the graft member will have the prop- 
erties of material stretched in two distinct directions. For 
some materials, this can be considered to achieve biaxial 
orientation. 

The stent member of the stent-graft of the present 
invention can be selected from any known stent. The pre- 
ferred stents are those which are balloon inflatable such 
as those described in United States Letters Patents No. 
5,01 9,090 and No. 5,092,877 to Pinchuk, the disclosures 
of which are incorporated by reference herein. 

It is, therefore, a general object of the present inven- 
tion to provide an improved stent-graft that is expandable 
in place, and once expanded, is self-supporting. 

Another object of the invention is to provide biocom- 
patible grafts that are expandable in vivo and are sup- 
portive once so expanded. 

Another object of the present invention is to provide 
an improved expandable reinforced graft that can be 
delivered by way of a balloon catheter or simitar device. 



Another object of the invention is to provide an 
improved endoluminal graft which covers diseased or 
damaged areas and is useful in carrying out luminal 
repairs or treatments. 

s Another object of the present invention is to provide 
a luminal graft endoprostheses which includes a graft 
member and a stent member wherein the graft member 
is dimensionally stable in an unexpanded state as well 
as in an expanded state and, when in the expanded 

io state, retains no significant residual stresses which could 
collapse the expanded stent member. 

These and other objects, features and advantages 
of the invention will be more clearly understood by those 
skilled in the art following a detailed consideration of the 

is remainder of the disclosure. 

Brief Description Of The Drawings 

In describing the preferred embodiment of the inven- 
20 tion, reference will be made to the various drawings in 
which: 

Figure 1 is a side elevation, partially cut away, view 
of a stent-graft according to the invention; 

25 Figure 2 is a cross-section of the stent-graft of Figure 
1 taken along the 2-2 line thereof; 
Figure 3 is a representative stress-strain curve for 
materials suitable for use in the manufacture of the 
graft component of the stent-graft of the present 

30 invention as well as stress-strain curves of other 
materials also being shown; 
Figure 4 is a perspective view of an expandable 
stent-graft positioned on a balloon catheter accord- 
ing to the invention; 

35 Figure 5 is a side elevational view, in cross-section, 
of a stent-graft positioned in an unexpanded condi- 
tion over a balloon catheter and within a blood vessel 
according to the invention; 
Figure 6 is a side elevational view showing the stent- 

40 graft and the balloon catheter of Figure 5 in an 
expanded condition within the aforementioned blood 
vessel; and 

Figure 7 is a side elevational view, in cross-section, 
of the stent-graft of the present invention positioned 
45 within a blood vessel. 

Petalled PesciUptton Of The Preferred Embodiment 

The invention provides a stent-graft for the endolu- 
so minal repair of vascular lesions and the like. The stent- 
graft includes a graft member made of a bistable material 
which is secured to an expandable support component 
or stent to provide a combined stent-graft which can be 
inserted within a blood vessel or other body pathway on 
55 a balloon catheter or like device for the repair of a vas- 
cular lesion and the like. In referring to the preferred 
embodiment of the invention, reference is made to the 
various figures wherein the structural elements of the 
invention are indicated with reference numerals and 
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wherein identical reference numerals indicate identical 
structures. 

Referring now to the figures, Figures 1 and 2 illus- 
trate a stent-graft 10 according to the present invention. 
The stent-graft 10 is essentially a two component s 
expandable and supportive endduminal graft. The first 
or graft component 1 2 overlays the second supportive or 
stent component 14. Those skilled in the art will under- 
stand, however, that the invention is not to be limited by 
the relative positioning or axial length of the aforemen- to 
tioned components 12 and 14. For example, the graft 
component 12 can substantially or partially cover the 
external surface or the internal surface of the stent com- 
ponent 14, as mentioned, or the graft can substantially 
or partially cover both the internal and external surfaces is 
of the support component 14. The stent-graft 10 is con- 
structed to be capable of two stable configurations, a first 
or unexpanded configuration having a first cross-sec- 
tional diameter fd") and a second or expanded config- 
uration wherein the stent-graft assumes a larger cross- 20 
sectional diameter ("D"). The stent-graft 10 and, more 
specifically, the graft component 12 is made of materials 
which exceed their yield point in the expanded configu- 
ration and which retain no significant residual stresses 
or forces within the material of the graft member 1 2 which 2$ 
could work toward collapsing the stent-graft 10. 

The graft member 12 is made of an orierrtable mate- 
rial, as mentioned, and can be woven, non-woven, knit- 
ted or supplied in a single sheet of material. Suitable 
materials for the manufacture of the graft component 1 2 30 
include without limitation polyester terephthalates such 
as polyethylene terephthalate (PET), polytetrsfluoroeth- 
ylene (PTFE), polyamide, polyurethane, polycarbonate 
polyurethane, poly(methyipentane), polypropylene, pol- 
yethylene, polyvinyl chloride (PVC) and other materials 35 
known to those skilled in the art and which are capable 
of exhibiting the bistable properties discussed herein. 

Where polyurethanes are employed, consideration 
must be given to the nature of the polyurethane being 
employed so that only those with suitable yield points are 40 
used. Fa example, polycarbonate polyurethanes known 
under the trademark CORETHANE® 75D, available 
from Corvita Corporation are satisfactory. Figure 3 illus- 
trates a representative stress-strain curve for materials 
suited for use in the present invention. The curve 16 is 45 
typical of the aforementioned CORETHANE® 75D poly- 
urethanes having a yield point 1 8 corresponding approx- 
imately to the inflation pressure of the balloon 20 
(Figures 4-6). Figure 3 illustrates stress-strain curves for 
other polyurethane materials which do not have this so 
characteristic yield point property. Curve 19 is that of a 
polyurethane having a 55D Durometer hardness, and 
curve 1 7 is a stress-strain curve of a polyurethane having 
an 80A Durometer hardness. 

As illustrated in Figure 3, the material used in the ss 
graft will maintain structural integrity beyond the yield 
point 18. Preferably, the materials used in the graft com- 
ponent 12 should generally be capable of being radially 
expanded to a cross-sectional diameter two to six times 



that of the unexpanded state without weakening the 
material. Most typically, the material needs to be capable 
of maintaining a stable state when expanded four times 
its unexpanded state. Additionally, the graft component 
12 should be free from significant residual elastic forces 
which could cause the stent member to contract. By 
choosing the appropriate bistable material for the graft 
component 12, the stent component 14 can be selected 
to allow the use of thin-walled stents. The absence of 
significant residual forces exerted by the graft 12 elimi- 
nates the need to have large hoop stresses in the stent 
14. Consequently, the stent-grafts 10 of the present 
invention can be made for use in small diameter arteries 
where large lumens and thin walled prostheses are 
required. 

The stent member 14 used in the stent-graft 10 of 
the present invention can be selected from any of a vari- 
ety of stents known to those skilled in the art. The par- 
ticular stent 14 depicted in phantom in Figure 4, for 
example, is similar to that disclosed in the aforemen- 
tioned United States Letters Patent No. 5,019,090. The 
stent member 1 4 includes a plurality of generally circum- 
ferential sections, such as sections 22 and 24, for exam- 
ple. The sections of the stent member 14 are generally 
adjacent one another along their respective opposing cir- 
cumferential edges. The stent member 14 of the stent- 
graft 1 0 includes at least one circumferential section hav- 
ing an expandable segment that imparts radial expand- 
ability to the circumferential section. Each expandable 
segment in the stent 14 is bendable between a generally 
collapsed or closed orientation (Figure 5) and a generally 
opened orientation (Figures 6 and 7). Other structures 
for the stent member 14 are available and are known to 
those skilled in the art. 

Regarding the construction of the stent-graft 10, the 
graft member can be manufactured by a spinning tech- 
nique such that described in United States Letters Patent 
No. 4,475,972 the disclosure of which is incorporated by 
reference herein. Briefly, polymer in solution is extruded 
into fibers from the spinnerete onto a rotating mandrel. 
The spinnerete system is reciprocated along the longi- 
tudinal axis of the mandrel at a controlled pitch angle, 
resulting in a non-woven structure where each fiber layer 
is bound to the underlying layer. The stent member 14 
can be placed directly on the mandrel and the layer of 
polymer fibers forming the graft member 12 can then be 
spun thereover. Alternatively, the layer of fibers can be 
spun directly onto the mandrel and, the stent member 1 4 
is then applied over the mandrel with an additional layer 
of fibers then spun over the stent member 1 4 so that the 
stent member is coated on both its inner and outer sur- 
faces. 

The invention, however, is not limited to the above 
method of manufacturing the graft member 12. In addi- 
tion to the above-described nonwoven graft, the graft 
member 12 can be a woven or knitted material, a poly- 
meric film or the like having the bistable properties dis- 
cussed herein. It is also possible to initially stretch the 
strands to beyond the yield point of the polymer and then 
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form them into woven, knitted or non-woven grafts. The 
stent-graft formed with this material is then heat col- 
lapsed to its state below its yield point (such as a non- 
oriented state) and placed on a balloon catheter for 
implantation into a human or animal body pathway such 
as a blood vessel, for example. 

Graft member 12 can be bonded to the stent mem- 
ber 14 by thermobonding and/or by the use of adhesive 
agents such as an adhesive, a hot melt adhesive, a sili- 
cone adhesive, a primer, a coupling agent, combinations 
thereof and the like. Both the graft 12 and the stent 14 
are manufactured to be capable of expansion from a first 
cross-sectional diameter "d" to a second expanded 
cross-sectional diameter "D" by the application of a radi- 
ally expansive force from within the stent-graft 10. Both 
the graft member 12 and the stent member 14 are con- 
structed to be dimensionally stable when positioned in 
either the unexpanded or expanded states. 

Figures 4 through 7 generally show the use of the 
stent-graft 10 in the treatment of endovascular lesions. 
A stenosis or lesion 26 within blood vessel 28 is translu- 
minal^ reached by a balloon catheter 20 having a stent- 
graft 10 in its first or unexpanded stable condition over- 
lying the collapsed balloon 21 of the catheter 20. The 
balloon 21 is expanded in a known manner, at which time 
the stent-graft 10 is also expanded by the. radial force 
exerted by the balloon 21 . Figure 6 illustrates the balloon 
2 1 and the stent-graft 1 0 in an intermediate dilation posi- 
tion with the lesion 26 initially dilated. Figure 7 shows full 
dilation of the lesion 26 following the withdrawal of the 
balloon catheter 20. The bistable stent-graft 10 has 
attained its second or expanded stable condition and 
remains in place within the blood vessel 28 because of 
the hoop stress exerted by the stent-member 14 once 
expanded, as illustrated in Figure 7. The stent member 
1 4 must exert sufficient hoop stress to successfully resist 
inwardly directed radial forces presented by both the 
treated lesion 26 as well as the graft member 14. When 
fully expanded, the stent-graft 1 0 of the present invention 
assumes an expanded diameter "D" (Figure 7) which is 
typically two to six times that of the collapsed or unex- 
panded diameter "d" indicated in Figure 2. The more typ- 
ical expansion of the stent-graft 1 0 is on the order of four 
times the collapsed diameter "d". 

While a preferred embodiment of the present inven- 
tion has been described in detail herein, those skilled in 
the art will appreciate that various changes and modifi- 
cations can be made to the described embodiment with- 
out departing from the true spirit and scope of the 
present invention, as defined in the following claims. 

Claims 

1 . A bistable luminal graft endoprosthesis, comprising: 
a stent member having a generally cylindrical 
external surface and a generally cylindrical internal 
surface, said stent member being expandable from 
a first diameter at which it can be inserted into a 
human or animal body pathway and a second diam- 
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eter greater than said first diameter; and 

a polymeric material tubular graft member 
associated with at least one of said generally cylin- 
drical external and internal surfaces of said stent 

5 member, said graft member has a first stable config- 
uration when said stent member is at said first diam- 
eter and assumes a second stable configuration 
when said stent member is at said second expanded 
diameter, said second stable configuration of the 

w graft member being one at which the polymeric 
material is stretched. 

2. The bistable luminal graft endoprosthesis as defined 
in claim 1 wherein said tubular graft member is made 

75 from a polymeric material selected from the group 
consisting essentially of polyester terephthalate, 
polytetrafluoroethylene, polyamide, polyurethane, 
polycarbonate polyurethane, pofy(methylpentane), 
polypropylene, polyethylene, polyvinylchloride and 

20 combinations thereof. 

3. The bistable luminal graft endoprosthesis as defined 
in claim 1 or claim 2 wherein said polymeric material 
has a Durometer hardness of 75D or harder. 

25 

4. The bistable luminal graft endoprosthesis as defined 
in claim 1 wherein said polymeric material is a poly- 
carbonate polyurethane having a Durometer hard- 
ness of 75D or harder. 

30 

5. The bistable luminal graft endoprosthesis as defined 
in any of claims 1 -4, wherein said tubular graft mem- 
ber is made of woven, non-woven, knitted or film 
materials. 

35 

6. The bistable luminal graft endoprosthesis as defined 
in any of claims 1-5 wherein said graft member and 
said stent member are capable of being expanded 
from said first diameter to said second diameter by 

40 the application of radially directed pressure from 
within said stent member, said graft member being 
constructed to surpass the elastic yield point of said 
polymeric material without substantial weakening of 
said graft member when expanded to said second 

45 diameter. 

7. The bistable luminal graft endoprosthesis as defined 
in any of claims 1 -6, wherein said graft member and 
said stent member are dimensioned for placement 

so over a balloon of a catheter for insertion into a living 
body pathway. 

8. The bistable luminal graft endoprosthesis as defined 
in any of claims 1 -7, wherein said polymeric material 

55 is substantially unstressed when at both said first 
and second stable configurations. 

9. The bistable luminal graft endoprosthesis as defined 
in any of claims 1 -5, 7 or 8, wherein said tubular graft 
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member is secured to at least one of said generally 
cylindrical external and internal surfaces of said 
stent member, said polymeric material is orientable, 
and said graft member is constructed to surpass the 
elastic yield point of said orientable polymeric mate- 
rial so as to impart a non-elastomeric state to the 
graft member thereby avoiding substantially weak- 
ening said graft member when expanded to said 
second cross-sectional diameter and implanted for 
extended time periods. 



15- The method as defined in any of claims 11-14, 
wherein said applying step includes bonding said 
graft member to said stent member by the use of 
thermobohding, adhesives, primers, coupling 
5 agents or combinations thereof. 



10. The bistable luminal graft endoprosthesis of any of 
claims 1-9, wherein said stent member includes a 
plurality of generally circumferential adjacent sec- 
tions and wherein each said section includes at least 75 
one expandable segment which imparts radial 
expandability to said circumferential section. 



11. A method for the manufacture of a bistable luminal 
graft endoprosthesis, comprising the steps of: 20 

supplying a stent member having a generally 
cylindrical external surface and a generally cylindri- 
cal internal surface and capable of being expanded 
from a first cross-sectional diameter to a second, 
expanded cross-sectional diameter greater than 25 
said first cross-sectional diameter ; 

preparing a tubular graft member from a pol- 
ymeric material, the tubular graft member having a 
first stable configuration when the graft member has 
the first cross-sectional diameter, and said tubular 30 
graft member has a second stable configuration 
when the graft member has the second, expanded 
cross-sectional diameter ; and 

applying said tubular graft member to at least 
one of said generally cylindrical external and internal 35 
surfaces of said stent member. 



12. The method as defined in claim 1 1 wherein said pre- 
paring step includes selecting the polymeric mate- 
rial and tubular graft member to be substantially 40 
unstressed when at both said first and second stable 
configurations. 



13. The method as defined in claim 11 or 12, wherein 
said preparing step includes constructing the graft 4$ 
member of an orientable material to surpass the 
elastic yield point of said orientable material without 
substantially weakening said graft member when 
said graft member is expanded to said second cross- 
sectional diameter. so 



14. The method as defined in any of claims 11-13, 
wherein said preparing step includes initially stretch- 
ing the polymeric material of the tubular graft mem- 
ber to surpass the elastic yield point of the polymeric 55 
material, and said applying step includes heat col- 
lapsing said graft member over said cylindrical sur- 
face of said stent member. 
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stent-graft (10) may be positioned within a Wood vessel 
of a living patient by an expandable balloon catheter 
(20). The graft member (12) is made from a biocompat- 
ible material which, when expanded, exceeds its yield 
point and becomes dimensionally stable without retain- 
ing significant residual forces which may cause the stent 
(1 4) to collapse after its placement within a blood vessel 
(28). 
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repair of vascular lesions (26) and the like. An expanda- 
ble support or stent (14) is combined with a tubular graft 
(12) made of a material having two unstressed condi- 
tions to provide a combined stent-graft (10) wherein the 
graft (12) material is secured to either or both of the 
internal and external surfaces of the stent (14). The 
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